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Abstract 


The  chemical  and  physical  characterization  of  a  foreign  polymer  composite  of  Russian  armor 
was  performed.  This  report  has  identified  and  quantified  the  composition  of  an  unknown  cored 
section  of  Russian  composite  armor. 

The  material  was  identified  as  a  woven  glass  in  an  epoxy  matrix.  The  environmental 
scanning  electron  microscopy  (ESEM)  results  determined  that  the  reinforcing  fiber  is  E  glass, 
as  opposed  to  S  glass  or  the  Russian  equivalent  of  S  glass,  Vertex.  E  glass  is  inferior  to  S  glass 
in  both  armor  and  structural  applications;  however,  it  is  often  chosen  as  a  reasonable  tradeoff 
because  it  is  much  more  affordable.  Fourier  transform  infrared  (FT-IR)  spectroscopy  results 
identified  the  matrix  to  be  an  epoxy  resin — ^likely  a  diglycidyl  ether  of  bisphenol-A.  Thermal 
gravimetric  analysis  (TGA)  clearly  showed  that  all  specimens  contain  approximately  90%  fiber 
and  10%  organic  resin  by  weight.  The  cored  composite  density  was  also  examined.  All  density 
measurements  were  close  to  2.0  g/cm^,  which  is  consistent  with  the  typical  density  of  a  highly 
filled  glass/polymer  composite.  It  was  found  that  the  bulk  and  local  section  density  values  were 
approximately  equal  within  a  reasonable  margin  common  in  the  composite  materials  industry. 
No  designed-in  density  gradient  vs.  length  was  observed. 
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1.  Introduction 


The  National  Ground  Intelligence  Center  (NGIC)  supplied  a  cylindrical,  cored  section  of 
highly  filled  fibrous  polymer  composite  Russian  armor  of  unknown  makeup  to  the  U.S.  Army 
Research  Laboratory’s  Weapons  Materials  Division  for  analysis.  At  first  look,  the  composite 
construction  appeared  to  the  eye  to  be  a  laminated  orthotropic  woven  cloth.  Its  yellow  color 
made  it  easy  to  mistake  for  an  aramid  composite,  a  material  often  used  in  armor  applications; 
however,  analysis  showed  that  this  was  not  the  case.  The  composite  is  nondomestic  E  glass  in  an 
epoxy  matrix. 

2.  Experimental 

2.1  General.  The  cored  specimen  was  delivered  inside  a  sealed,  tightly  fitting  plastic  tube. 
For  recordkeeping  purposes,  an  initial  photograph  was  taken  of  the  core  sample  while  still  in  the 
sample  tube.  The  end  caps  of  the  sample  container  were  then  removed,  and  the  rubber  eraser  end 
of  a  pencil  was  used  to  gently  push  the  core  sample  through  the  tube  and  onto  a  piece  of  white 
paper.  The  size  and  packing  order  of  the  individual  layers  was  then  documented. 

The  as-received  specimen  arrived  sliced  into  21  distinct  cross  sections,  ranging  from  wafer 
thin  to  two  inches  in  length.  Each  piece  was  arranged  on  the  paper  in  order,  assigned  a  number, 
and  photographed.  Next,  each  was  weighed,  again  for  tracking  purposes.  The  weight  values 
were  used  as  a  means  to  uniquely  identify  each  piece.  The  pieces  had  ragged  edges,  and  small 
losses  of  fiber  and  matrix  dust  were  noted. 

For  clarity  in  this  document,  layer  1  is  arbitrarily  identified  as  the  first  separable  disc  located 
at  the  “interior”  of  the  NGIC  core  sample.  The  remaining  layers  were  numbered  in  sequence 
from  the  interior  (layer  1)  to  the  exterior  (layer  21)  side. 
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2.2  Environmental  Scanning  Electron  Microscopy  (ESEM).  ESEM  was  utilized  to 
determine  the  composition  of  the  reinforcing  fiber  in  the  composite  sample.  Three  samples, 
designated  interior  (layer  2),  middle  (layer  7),  and  exterior  (layer  16),  were  evaluated  using  the 
ESEM.  The  specimens  were  prepared  by  pyrolyzing  the  organic  base  resin  at  400°  C.  The 
resultant  residue  consisted  of  only  the  inorganic  reinforcing  fiber.  A  sample  of  each  specimen 
was  mounted  on  an  aluminum  stub  using  conductive  carbon  tape  and  silver  adhesive  as  an 
electron  drain.  The  samples  were  imaged  by  the  ESEM  at  250x  magnification,  with  an 
acceleration  voltage  of  20  keV,  by  means  of  lanthanum  hexaboride  crystal  source.  An  elemental 
analysis  was  performed  on  each  of  the  three  layers  using  an  EDAX  light  element  energy 
dispersive  spectrometer.  Samples  of  domestic  Owens-Coming  E  and  S-2  glass  fibers  were  first 
analyzed  for  reference  purposes,  along  with  a  sample  of  Russian-made  S  glass  sold  under  the 
brand  name  “Vertex.”  The  appearance  of  oxygen  in  the  ESEM  data  are  considered  not  relevant 
because  the  imaging  gas  utilized  in  the  sampling  chamber  during  the  ESEM  analysis  was  water 
vapor.  The  oxygen  atom  present  in  the  water  vapor  molecule  masks  the  presence  of  oxygen  in 
the  resulting  ESEM  spectral  data  of  the  sample  fibers.  Both  E-  and  S-type  glasses  have  oxygen 
as  a  major  compositional  element.  The  samples  were  run  at  3.5  torr. 

2.3  Composite  Density.  Helium  pycnometry  was  used  to  measure  density.  The  instrument 
was  a  Quantachrome  Ultrapycnometer  1000.  This  is  a  noninvasive  procedure  that  uses  purified 
helium  as  the  displaced  medium.  In  this  method,  the  specimens  are  subjected  to  an  initial 
pressure  of  about  18  psig  in  a  sealed  cell.  After  a  precision  reading  of  this  pressure,  a  valve 
opens,  allowing  the  helium  to  fill  the  connected  expansion  cell.  This  second  pressure  is  then 
recorded.  Through  previous  calibration  of  the  instrament,  these  two  pressure  values  are  used  in 
the  working  equation  to  calculate  the  volume  of  the  specimen.  The  specimen  weight,  previously 
input  into  the  pycnometer,  is  then  used  together  with  the  volume  measurement  to  calculate 
density.  The  21  cored  armor  specimen  cross  sections  were  combined  to  form  three  subgroups  of 
approximately  equal  volume. 

After  calibration,  the  specimens  were  placed  in  the  measurement  cell  and  purged  with  helium 
for  6  min.  The  automated  measurement  procedure  then  began,  and  15  samplings  were  taken  for 
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each  data  point.  The  mean  value  of  these  samplings  is  reported  as  the  density.  The  following 
measurements  were  made: 

( 1 )  Bulk  measurement  of  the  entire  cored  specimen. 

(2)  Measurement  of  layers  1-1 1 . 

(3)  Measurement  of  layers  12-13  (longer  pieces) . 

(4)  Measurement  of  layers  1 4-2 1 . 

(5)  Measurement  of  darker-colored  portions  of  layers  12  and  13  only  (layer  13  had  to  be 
split  into  two  pieces  for  this). 

2.4  Thermal  Gravimetric  Analysis  (TGA).  TGA  was  used  to  determine  the  resin  and  fiber 
content.  The  instrument  was  a  model  2950  Hi-Res  TGA  made  by  TA  Instruments  equipped  with 
a  9900  thermal  analyzer/computer  for  quick  data  reduction.  TGA  utilizes  differences  in  weight 
as  a  function  of  temperature  as  materials  become  pyrolyzed  to  determine  the  individual 
components  in  the  cured  composite.  A  sample  size  of  10-20  mg  was  weighed  and  placed  in  an 
aluminum  sample  pan.  The  sample  was  scanned  in  the  temperature  range  between  30°  C  and 
980°  C  with  a  scanning  rate  of  10°  C/min.  A  nitrogen  purge  was  used  as  the  carrier  gas  to 
minimize  the  production  of  oxidative  products,  yielding  only  molecular  fragments  of  the  organic 
resin  and  its  components. 

2.5  Fourier  Transform  Infrared  (FT-IR)  Spectroscopy.  A  Perkin  Elmer  FT-IR  model 
Spectrum  2000  was  used  to  obtain  IR  spectra.  Samples  of  25  mg  were  pyrolyzed  in  a  specially 
designed  cell  at  450°  C.  The  sampling  unit  allowed  the  pyrolyzate  to  be  deposited  onto  a  KBr 
salt,  which  was  placed  directly  into  the  FT-IR  spectrometer.  The  spectra  were  then  recorded. 
This  method  was  preferred  over  several  others  that  were  attempted  because  it  eliminated  the  IR 
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spectrum  of  the  reinforcing  fibers.  A  total  of  32  scans  were  co-added  at  a  resolution  of  4  cm  ^ 
Infrared  spectra  were  recorded  at  various  sections  along  the  core  specimen. 

3.  Results  and  Discussion 

3.1  General.  Optical  photographs  were  used  to  determine  and  document  the  size  of  the 
entire  core  specimens  and  subsequent  size  and  shape  of  the  individual  layers. 

Figure  1  shows  the  photograph  of  the  as-received  core  sample.  The  overall  length  was 
approximately  5  inches.  The  ragged  edges  resulting  from  the  cutting  process  can  clearly  be  seen 
along  the  length  sample.  Frayed  ends  from  the  reinforcing  fiber  are  evident. 


Figure  1.  Photograph  of  the  As-Received  NGIC  Russian  Armor  Core  Sample. 


Figure  2  shows  the  21  individual  core  layers  after  removal  from  the  protective  plastic  liner. 
The  samples  are  circular  and  are  approximately  5/8  inch  in  diameter.  They  were  easily  separated 
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Figure  2.  Photograph  of  the  Individual  NGIC  Russian  Armor  Core  Sample  Layers. 

from  one  another.  The  numbers  correspond  to  their  respective  position  away  from  the  interior. 
Layer  1  corresponds  to  the  0-inch  mark  in  Figure  1. 

3.2  ESEM.  ESEM  was  used  to  evaluate  three  individual  layers  along  the  core  sample. 
These  experiments  were  run  to  determine  the  reinforcing  fiber  composition.  Figures  3,  4,  and  5 
show  the  resultant  data  for  the  three  samples  taken  from  the  NGIC  core  sample.  These 
correspond  to  layers  2,  7  and  16,  respectively.  Below  each  graph  is  an  elemental  quantitative 
analysis  of  the  corresponding  specimens.  Examination  of  the  specimen  elemental  analysis 
spectra  showed  little  difference  between  the  three  layers. 

To  determine  the  specific  type  of  reinforcing  fiber,  two  well-known  domestic  glass  fibers  and 
one  Russian  glass  fiber  were  examined  for  comparison  to  the  unknown  Russian  armor  fiber.  The 
two  domestic  reference  fibers  were  Owens-Coming  E  and  S-2  glass.  Their  spectra  are  shown  in 
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Figures  6  and  7,  respectively.  The  Russian  S  glass  spectra  is  shown  in  Figure  8.  These  known 
ESEM  spectra  were  compared  to  that  of  the  unknown  core  specimen.  Close  examination  of 
Figures  3,  4,  and  5  show  the  presence  of  three  major  elements — silicon  (Si),  aluminum  (Al),  and 
calcium  (Ca)— with  a  satellite  band  representing  lesser  amounts  of  magnesium  (Mg).  The 
spectra  of  the  reference  S-2  glass  (Figure  6)  show  the  presence  of  Si,  Al,  and  a  smaller  amount  of 
Mg.  No  Ca  was  detected.  Figure  7  shows  the  reference  spectrum  of  the  domestic  E  glass.  The 
spectrum  appears  to  have  all  the  primary  spectral  features  of  the  unknown  glass  fibers.  The 
presence  of  Si,  Al,  Ca,  and  Mg  are  evident.  Table  1,  taken  from  Lubin  (1982),^  documents  the 
elemental  composition  of  domestic  E  glass  and  S  glass.  Table  1  also  documents  the  presence  of 
boron  (B)  as  a  component  in  E  glass.  In  our  ESEM  data,  the  B  peak  should  appear  just  below  the 
oxygen  (O)  peak.  While  a  small  peak  does  exist  in  all  the  ESEM  spectra,  these  peaks  are  more 
likely  due  to  the  formation  of  ice  crystals  in  the  sample  chamber.  This  is  a  direct  result  of  the 
environmental  air  in  the  chamber.  Hence,  the  confirmation  of  the  presence  of  B  is  not  possible 
from  these  data. 

Of  significant  note  in  Table  1  is  the  absence  of  Ca  in  the  S  glass  material;  however,  E  glass 
contains  a  considerable  amount  (17%).  A  clear  band  attributable  to  Ca  is  evident  in  the  ESEM 
data  of  the  unknown  fibers  (Figures  3-5).  This  is  direct  evidence  for  the  identification  of  E  glass 
as  the  reinforcing  fiber  present  in  the  composite. 

3.3  Composite  Density.  Table  2  lists  the  results  of  the  density  testing.  The  composite 
edges  were  highly  frayed,  and  small  amounts  of  loose  fiber  and  resin  fell  off  Nevertheless,  a 
good  portrayal  of  the  density  was  obtained.  Highly  filled  polymer  composite  density  values  near 
2  g/cm^  are  typical  of  glass-reinforced  composites.  The  density  values  ranged  from  a  high  value 
of  2.17  g/cm^  to  a  minimum  of  1.97  g/cm^.  This  represents  a  span  of  approximately  9%.  No 
trends  were  observed,  and  it  is  logical  to  conclude  from  these  results  that  the  cored  specimen  has 
no  designed-in  density  variation  along  its  length.  The  0.2  g/cm^  measured  spread  in  density  is 
minor  and  is  not  uncommon  in  composites.  Several  factors  may  cause  this  effect  These 


Lubin,  George  (ed.).  Handbook  of  Composites.  New  York:  VanNostrandReinholdCompany.p.  139, 1982. 
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0.00 

1.61 

85.82 

AIK 

48.09 

5.96 

2.28 

8.07 

SiK 

309.42 

7.64 

0.86 

40.48 

14  K 

20.69 

13.38 

4.21 

1.55 

CaK 

506.49 

13.87 

0.67 

36.53 

Figure  7.  ESEM  From  Owens-Corning  E  Glass  Reference. 
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Figure  8.  ESEM  From  Known  Russian  S  Glass  Reference  (Vertex  Brand). 
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Table  1.  Composition  of  Domestically  Produced  E  Glass  and  S  Glass 


E  Glass 

S  Glass 

(Weight-Percent) 

(W eight-Percent) 

Silicon  Oxide 

54.3 

64.2 

Aluminum  Oxide 

15.2 

24.8 

Ferrous  Oxide 

— 

0.21 

Calcium  Oxide 

17.2 

0.01 

Magnesium  Oxide 

4.7 

10.27 

Sodium  Oxide 

0.6 

0.27 

Boron  Oxide 

8.0 

0.01 

Barium  Oxide 

— 

0.2 

Source:  Lubin,  George  (ed.).  Handbook  of  Composites.  New  York:  Van  Nostrand 
Reinhold  Company,  p.  139, 1982. 


Table  2.  Density  Resnlts  for  NGIC  Russian  Armor  Samples 


Cross-Section 

I.D. 

Approximate 

Length 

(inches) 

Composite 

Density 

(g/cm^) 

Layers  1-21  (Bulk) 

5.0 

2.11 

Layers  1-1 1 

2.0 

2.17 

Layers  12-13 

1.5 

2.03 

12-13,  Dark  Colored  Portion  Only 

1.0 

1.97 

Layers  14-21 

1.5 

2.14 

include  the  loss  of  fraying  fibers  and  matrix  resin,  a  coring  process  that  seems  to  have  been 
harsh  on  the  specimen,  causing  bare  fiber  in  some  areas  and  possibly  compressing  the  composite 
itself  (which  would  make  it  more  dense  in  some  locations),  as  well  as  typical  variations 
associated  with  composite  manufacture. 

3.4  TGA.  Thermal  methods  of  analysis  measure  the  change  in  physical  or  chemical 
property  as  a  function  of  temperature.  Modem  thermal  analysis  has  proven  extremely  useful  in 
the  compositional  analysis  of  complex  polymer  mixtures,  such  as  composite  materials  and  rabber 
compounds.  TGA  analysis  utilizes  the  thermal  degradation  characteristics  of  polymer  materials 
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to  measure  the  weight  loss  as  a  function  of  temperature.  The  resultant  data  allow  one  to 
quantitatively  determine  the  individual  amounts  of  polymer,  filler,  and  small  organic  additives. 

Samples  were  taken  from  layers  2,  7,  and  16,  and  TGA  experiments  were  carried  out. 
Figure  9  shows  a  TGA  experiment  for  these  three  separate  specimens  taken  along  the  NGIC  core 
sample.  These  three  samples  were  selected  as  representative  specimens  of  the  interior,  middle, 
and  exterior  of  the  entire  core  sample.  A  major  transition  occurred  at  approximately  400°  C. 
This  corresponds  to  the  degradation  of  the  base  resin.  From  these  data,  we  can  calculate  the 
respective  amounts  of  base  resin  and  reinforcing  fiber.  Analysis  of  the  data  show  that  the  middle 
layer  (no.  7)  is  richer  in  resin  content  than  either  of  the  two  outer  layers.  The  resin  content  for 
layer  2  was  calculated  as  5.0%,  while  the  resin  content  for  layer  16  is  8.1%.  Table  3  shows  the 
respective  compositions  for  the  three  specimens. 

3.5  FT-IR  Spectroscopy.  Initial  experiments  on  the  entire  separate  samples  yielded  FT-IR 
spectra  that  exhibited  very  little  absorbance  bands  attributable  to  the  organic  base  resin.  This 
was  caused  by  the  very  high  reinforcing  inorganic  fiber  content  as  noted  in  Table  3.  It  was 
decided  that  pyrolyzing  the  specimen  to  separate  the  resin  from  fiber  would  yield  interpretable 
spectra. 

Figures  10-12  show  the  pyrolosis  FT-IR  spectra  for  three  separate  specimens  taken  along  the 
NGIC  core  sample.  These  are  identified  as  layers  2,  7,  and  16,  respectively,  and  are  the  same 
specimens  evaluated  in  the  microscopy  and  thermal  analysis  section  of  this  report.  All  three 
spectra  appear  to  be  identical  with  respect  to  chemical  structure. 

Examination  of  the  FT-IR  spectra  confirms  the  identity  of  the  base  resin  as  an  epoxy. 
Significant  IR  bands  at  1,500  cm'*  and  1,600  cm'*  are  characteristic  of  the  phenyl  rings  located 
along  the  backbone  of  the  epoxy  resin.  IR  spectral  bands  at  3300  cm  *  and  in  the 
1, 000-1, 200-cm'*  region  are  indicative  of  the  curing  process,  as  these  can  be  assigned  to  the 
C-O-H  and  C-0  stretches  in  the  cured  resin.  The  1,725  cm  *  band  is  characteristic  of  the  0=0 
stretch,  another  resultant  structure  due  to  the  curing  process.  While  absolute  identification  is 
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Weight  (%) 


Figure  9.  TGA  Experiment  Showing  Degradation  of  Layers  2, 7,  and  16. 


Table  3.  Quantitative  Results  Derived  From  TGA  Data 


Layer  No. 

Resin  Content 
(W eight-Percent) 

Fiber  Content 
(W eight-Percent) 

2 

5.0 

95.0 

7 

14.7 

85.3 

16 

8.1 

91.9 

difficult,  the  resin  appears  to  be  a  diglycidyl  ether  of  bisphenol-A.  This  is  a  very  common  and 
inexpensive  class  of  epoxy  resin  and  is  widely  available  on  the  world  market. 

The  spectral  features  in  the  l,550-cm'‘  and  l,380-cm‘*  bands  are  likely  due  to  a  diamine-type 
curing  agent.  The  exact  curing  agent  is  even  more  difficult  to  determine  as  there  are  a  large 
number  of  possibilities.  However,  based  on  the  FT-IR  spectra  and  the  type  of  resin,  it  is  feasible 
to  suggest  that  a  diamine-type  curing  agent  was  used. 
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Figure  10.  Pyrolosis  FT-IR  Spectra  of  Layer  2. 
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Figure  12. 


4.  Summary 


This  report  has  identified  and  quantified  the  composition  of  an  unknown  cored  section  of 
Russian  composite  armor.  The  material  was  identified  as  a  woven  glass  in  an  epoxy  matrix.  The 
ESEM  results  determined  that  the  reinforcing  fiber  is  E  glass,  as  opposed  to  S  glass.  E  glass  is 
inferior  to  S  glass  in  both  armor  and  stmctural  applications;  however,  it  is  often  chosen  as  a 
reasonable  tradeoff  because  it  is  much  more  affordable.  FT-IR,  results  identified  the  matrix  to  be 
an  epoxy  resin — ^likely  a  diglycetal  ether  of  bisphenol-A.  TGA  clearly  showed  that  all 
specimens  contain  approximately  90  weight-percent  fiber  and  10  weight-percent  organic  resin. 
The  cored  composite  density  was  examined.  All  density  measurements  were  close  to  2.0  g/cm^, 
which  is  consistent  with  the  typical  density  of  a  highly  filled  glass/polymer  composite.  It  was 
found  that  the  bulk  and  local  section  density  values  were  approximately  equal  within  a 
reasonable  margin  common  in  the  composite  materials  industry.  No  designed-in  density  gradient 
vs.  length  was  observed. 


19 


Intentionally  left  blank. 


20 


NO.  OF 

COPIES  ORGANTZATTON 

2  DEFENSE  TECHNICAL 

INFORMATION  CENTER 
DTIC  DDA 

8725  JOHN  J  KINGMAN  RD 
STE0944 

FT  BELVOIR  VA  22060-6218 

1  HQDA 

DAMOFDQ 
D  SCHMIDT 
400  ARMY  PENTAGON 
WASHINGTON  DC  20310-0460 

1  OSD 

OUSD(A&T)/ODDDR&E(R) 
RJTREW 
THE  PENTAGON 
WASHINGTON  DC  20301-7100 

1  DPTYCGFORRDA 

US  ARMY  MATERIEL  CMD 
AMCRDA 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  INST  FOR  ADVNCD  TCHNLGY 

THE  UNIV  OF  TEXAS  AT  AUSTIN 
PO  BOX  202797 
AUSTIN  TX  78720-2797 

1  DARPA 

BKASPAR 

3701  N  FAIRFAX  DR 

ARLINGTON  VA  22203-1714 

1  NAVAL  SURFACE  WARFARE  CTR 

CODE  B07  J  PENNELLA 
17320  DAHLGRENRD 
BLDG  1470  RM  1101 
DAHLGREN  VA  22448-5100 

1  US  MILITARY  ACADEMY 

MATH  SCI  CTR  OF  EXCELLENCE 

DEPT  OF  MATHEMATICAL  SCI 

MADNMATH 

THAYER  HALL 

WEST  POINT  NY  10996-1786 


NO.  OF 

COPIES  ORGANIZATION 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLDD 

2800  POWDER  MILL  RD 
ADELPHI MD  20783-1197 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  CS  AS  (RECORDS  MGMT) 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1 145 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  LL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1 145 


ABERDEEN  PROVING  GROUND 

4  DIR  USARL 

AMSRL  Cl  LP  (BLDG  305) 
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NO.  OF 
COPIES 

1 


1 


3 


5 


5 


1 
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NO.  OF 

OPGANTZATION  COPIES 

DIRECTOR  4 

USARL 

AMSRL  CP  CA  D  SNIDER 
2800  POWDER  MILL  RD 
ADELPfflMD  20783 

CDR 

USA  ARDEC 

AMSTA  AR  FSE  T  GORA 

PICATINNY  ARSENAL  NJ 

07806-5000  1 

CDR 

USA  ARDEC 
AMSTA  ARTD 
PICATINNY  ARSENAL  NJ 

07806-5000  2 

CDR 

USATACOM 
AMSTA  JSK 
S  GOODMAN 

J  FLORENCE  3 

AMSTA  TRD 

BRAJU 

L  HINOJOSA 

D  OSTBERG 

WARREN  MI  48397-5000 

PMSADARM 

SFAE  GCSS  SD  2 

COLB  ELLIS 

M  DEVINE 

WDEMASSI 

J  PRITCHARD 

SHROWNAK 

PICATINNY  ARSENAL  NJ 

07806-5000 

3 

CDR 

USA  ARDEC 
F  MCLAUGHLIN 
PICATINNY  ARSENAL  NJ 
07806-5000 

CDR 

USA  ARDEC 
AMSTA  AR  E  FENNELL 
PICATINNY  ARSENAL  NJ 
07806-5000 


ORGANIZATION 

CDR 

USA  ARDEC 
AMSTA  AR  CCH 
S  MUSALLI 
RCARR 
M  LUCIANO 
TLOUCEIRO 
PICATINNY  ARSENAL  NJ 
07806-5000 

CDR 

USA  ARDEC 
AMSTA  AR  CCH 
PICATINNY  ARSENAL  NJ 
07806-5000 

CDR 

USA  ARDEC 
AMSTA  AR 

PICATINNY  ARSENAL  NJ 
07806-5000 

CDR 

USA  ARDEC 
AMSTA  AR  CCH  PJLU 
AMSTA  AR  FSF  T  C  LIVECC 
AMSTA  AR  QAC  T  C  C  PATEL 
PICATINNY  ARSENAL  NJ 
07806-5000 

CDR 

USA  ARDEC 
AMSTA  ARM 
DDEMELLA 
FDIORIO 

PICATINNY  ARSENAL  NJ 
07806-5000 

CDR 

USA  ARDEC 
AMSTA  ARFSA 
AWARNASH 
BMACHAK 
MCHIEFA 

PICATINNY  ARSENAL  NJ 
07806-5000 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  CDR 

SMCWV  QAE  Q  B  VANINA 
BLDG  44  WATERVUET  ARSENAL 
WATERVLIET  NY  12189-4050 

8  DER 

BENET  LABORATORIES 
AMSTA  AR  CCB 
J KEANE 
J  BATTAGLIA 
J  VASELAKIS 
GFnAR 
V  MONTVORI 
GDANDREA 
RHASENBEIN 
SMCARCCBR 
S  SOPOK 

WATERVLIET  NY  12189 
1  CDR 

WATERVLIET  ARSENAL 
SMCWV  QA  QS  K INSCO 
WATERVLIET  NY  12189-4050 

1  CDR 

USA  ARDEC 

PRDCnON  BASE  MODERN  ACTY 
AMSMCPBMK 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDR 

USA  BELVOIR  RD&E  CTR 
STRBEJBC 

FT  BELVOIR  VA  22060-5606 

2  CDR 

USA  ARDEC 
AMSTA  ARFSPG 
M  SCHIKSNIS 
D  CARLUCCI 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  USA  COLD  REGIONS 
RSCH  &  ENGRNG  LAB 
PDUTTA 
72  LYME  RD 
HANOVER  NH  03755 


1  CDR 

SMCWV  SPM  T  MCCLOSK 
BLDG  253  WATERVLIET  ARSENAL 
WATERVLIET  NY  12189-4050 

1  DIR 
USARL 

AMSRL  WILD  WOODBURY 
2800  POWDER  MILL  RD 
ADELPHI MD  20783-1 145 

3  CDR 

USA  AMCOM 
AMSMI  RD  W  MCCORKLE 
AMSMI  RD  ST  P  DOYLE 
AMSMI  RD  ST  CN  T  VANDIVER 
REDSTONE  ARENAL  AL  35898-5247 

2  USARO 
ACROWSON 
J CHANDRA 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 

3  USARO 

ENGRNG  SCIENCES  DIV 
R  SINGLETON 
G  ANDERSON 
KIYER 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 

5  PM  TANK  MAIN  ARMAMENT  SYS 
SFAE  GSSC  TMA 
COLPAWLICKI 
KKIMKER 
EKOPACZ 
RROESER 
B  DORCY 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  PM  TANK  MAIN  ARMAMENT  SYS 
SFAE  GSSC  TMA  SMD 
R  KOWALSKI 
PICATINNY  ARSENAL  NJ 
07806-5000 
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NO.  OF 

COPIES  ORGANIZATION 

2  PEO  FIELD  ARTILLERY  SYS 
SFAEFASPM 
H  GOLDMAN 
T  MCWILLIAMS 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  CDR 
DARPA 
J  KELLY 
B  WILCOX 
3701  N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

6  CDR 

WRIGHT  PATTERSON  AFB 
WLFIVAMAYER 
WLMLBM 
S  DONALDSON 
T  BENSON  TOLLE 
C  BROWNING 
J  MCCOY 
F ABRAHAMS 
2941  P  STREET  ST  1 
DAYTON  OH  45433 

1  NAVAL  SURFACE  WARFARE  CTR 
DAHLGRENDIV 
CODEG06 

DAHLGRENVA  22448 

1  NAVAL  RESEARCH  LABORATORY 
CODE  6383 
IWOLOCK 

WASHINGTON  DC  20375-5000 

1  OFFICE  OF  NAVAL  RESEARCH 
MECH  DTV  CODE  1 132SM 
Y  RAJAPAKSE 
ARUNGTON  VA  22217 

1  NAVAL  SURFACE  WARFARE  CTR 
CRANE  DIV 
M  JOHNSON 
CODE  20H4 

LOUISVILLE  KY  40214-5245 


NO.  OF 

COPIES  ORGANIZATION 

2  PM  CRUSADER 
GDELCOCO 
J  SHIELDS 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  NASA  LANGLEY 
MS  266 
AMSRLVS 
WELBER 
F  BARTLETT  JR 
HAMPTON  VA  23681-0001 

1  DAVID  TAYLOR  RESEARCH  CTR 
SHIP  STRUCTURES  & 

PROTECTION  DEPT 

J  CORRADO  CODE  1702 
BETHESDAMD  20084 

2  DAVID  TAYLOR  RESEARCH  CTR 
R  ROCKWELL 
WPHYILLAIER 

BETHESDA  MD  20054-5000 

1  DEFENSE  NUCLEAR  AGENCY 
INNOVATIVE  CONCEPTS  DTV 
RROHR 

6801  TELEGRAPH  RD 
ALEXANDRIA  VA  22310-3398 

1  EXPEDmONARY  WARFARE  DTV  N 
DRFSHOUP 
2000  NAVY  PENTAGON 
ALEXANDRIA  VA  22310-3398 

1  OFHCE  OF  NAVAL  RESERACH 
D  SIEGEL  351 
800  QUINCY  ST 
ARLINGTON  VA  22217-5660 

1  NAVAL  SURFACE  WARFARE  CTR 
JH  FRANCIS 

CODEG30 

DAHLGRENVA  22448 

2  NAVAL  SURFACE  WARFARE  CTR 
CODE  G32D  WILSON 

CODE  G32  R  D  COOPER 
DAHLGREN  VA  22448 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


4  NAVAL  SURFACE  WARFARE  CTR 
CODE  G33 
JFRAYSSE 
EROWE 
T DURAN 
L  DESIMONE 
DAHLGREN  VA  22448 

I  CDR 

NAVAL  SEA  SYSTEMS  CMD 
2531  JEFFERSON  DAVIS  HWY 
ARLINGTON  VA  22242-5160 

4  DIR 
LLNL 

R  CHRISTENSEN 
S  DETERSA 
FMAGNESS 
M  FINGER 
PO  BOX  808 
LIVERMORE  CA  94550 

1  LOS  ALAMOS  NATL  LAB 

FADDESSIOMS  B216 
POBOX  1633 
LOS  ALAMOS  NM  87545 

1  LOS  ALAMOS  NATL  LAB 

J  REPPA  MS  F668 
LOS  ALAMOS  NM  87545 

1  OAK  RIDGE  NATL  LAB 

RMDATVS 
PO  BOX  2008 

OAK  RIDGE  TN  37831-6195 

3  UDLP 

4800  EAST  RIVER  TD 
PJANKEMS170 
T  GIOVANETn  MS236 
B  VANWYKMS389 
MINNEAPOLIS  MN  55421-1498 

1  NAVAL  SURFACE  WARFARE 

MARY  E  LAC  CODE  B02 
17320  DAHLGREN  RD 
DAHLGREN  VA  22448 


1  NAVAL  SURFACE  WARFARE 
TECH  LIBRARY  CODE  323 
17320  DAHLGREN  RD 
DAHLGREN  VA  22448 

4  DIR 

SANDIANTALLAB 
APPLIED  MECHANICS  DEPT 
DIV  8241 
WKAWAHARA 
KPERANO 
D  DAWSON 
PNIELAN 
PO  BOX  969 

LIVERMORE  CA  94550-0096 

1  LLNL 

M  MURPHY 
PO  BOX  808  L  282 
LIVERMORE  CA  94550 

1  UNIVERSITY  OF  DAYTON 
JMWHTTNEY 
COLLEGE  PARK  AVE 
DAYTON  OH  45469-0240 

2  U  OF  DAYTON  RSCH  INSTITUTE 
RYKIM 

AKROY 

300  COLLEGE  PARK  AVE 
DAYTON  OH  45469-0168 

1  ARMTEC  DEFENSE  PRODUCTS 
SDYER 
85  901  AVE  53 
PO  BOX  848 
COACHELLA  CA  92236 

1  NAVAL  SURFACE  WARFARE  CTR 

R  HUBBARD  G33C 
DAHLGREN  DIV 
DAHLGREN  VA  22448-5000 

1  SOUTHWEST  RSCH  INSTITUTE 

JRIEGEL 

ENGR  &  MAIL  SCIENCES  DIV 
6220CULEBRARD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228-0510 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  GENERAL  DYNAMICS 
LAND  SYSTEMS  DIV 
DBARTLE 

PO  BOX  1901 

2  UDLP 
PPARA 

G  THOMAS 

1 107  COLEMAN  AVE  BOX  367 
SAN  JOSA  CA  95103 

2  NAVAL  SURFACE  WARFARE  CTR 

CARDEROCKDIV 
R  CRANE  CODE  2802 
C  WILLIAMS  CODE  6553 
3A  LEGGETT  CIR 
ANNAPOUS  MD  21402 

1  MARINE  CORPS  SYS  CMD 
PM  GROUND  WPNS 
COL  R  OWEN 

2083  BARNETT  AVE  SUITE  315 
QUANTICO  VA  22134-5000 

1  OFHCE  OF  NAVAL  RES 
J KELLY 

800  NORTH  QUINCEY  ST 
ARLINGTON  VA  22217-5000 

1  NAVSEA  OJRI 
G  CAMPONESCHI 
2351  JEFFERSON  DAVIS  HWY 
ARLINGTON  VA  22242-5160 

1  USAF 

WL  MLS  OLA  HAKIM 
5225  BAILEY  LOOP  243E 
MCCLELLAN  AFB  CA  55552 


1  CDRUSARDEC 
TSACHAR 

INDUSTRIAL  ECOLOGY  CTR 
BLDG  172 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDRUSAATCOM 

AVIATIO  APPUED  TECH  DIR 
J  SCHUCK 
FTEUSTIS  VA 

1  CDRUSARDEC 

AMSTAARSREDYEE 
PICATINNY  ARSENAL  NJ 
07806-5000 

7  CDRUSARDEC 
AMSTAARCCHB 
B KONRAD 
E  RIVERA 
-  GEUSTICE 
S PATEL 
GWAGNECZ 
RSAYER 
F CHANG 
BLDG  65 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  CDRUSARDEC 

AMSTA  AR  QAC  T  D  RIGOGLIOSO 
BLDG  354M829E3IPT 
PICATINNY  ARSENAL  NJ 
07806-5000 


1  WLMLBC 
E  SHINN 
2941  PST  STEl 
WRIGHT  PATERSON  AFB  OH 
45433-7750 

1  OAK  RIDGE  NATL  LAB 

A  WERESZCZAK 
BLDG  4515  MS  6069 
PO  BOX  2008 

OAKRIDGE  TN  37831-6064 
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ABERDEEN  PROVING  GROUND 

69  DIRUSARL 
AMSRLCI 
WSTUREK 
AMSRLCICB 
RKASTE 
AMSRLCIS 
A  MARK 
AMSRLSLB 
AMSRLSLBA 
AMSRLSLBL 
DBELY 
AMSRLSLI 
AMSRLWMB 
A  HORST 
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